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© electroluminescent display brightness compensation. 



@ The lumihosity of electroluminescent display pix- 
els arranged a\ intersection regions between row and 
column electrode? is controlled so as to compensate 
for the effect of interelectrode coupling by reducing 
the voltage differentials applied between the row 
electrode being addressed and the column elec- 

FIG.3 



trodes relative to those corresponding to initial pixel 
luminosity data contained in an incoming data 
stream, as a direct function of total row luminosity 
information extracted from that segment of the in- 
coming data stream which pertains to the respective 
row. 
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Technical Field 

This invention relates to a circuit for improving 
the readability and resolution of display panels, 
particularly electrolumlnesr&nt display panels. 

Background Art 

Electroluminescent (EL) display arrangements 
are finding an ever increasing use for displaying 
inforr.ation. especially output infornnation from 
cr.nputers and computerized devices. One reason 
why such EL display arrangements are becoming 
more and more popular is because they are suit- 
able for use In compact environments, such as in 
laptop computers and other portable electronic 
equipment requiring video image display. They can 
be packaged in relatively lightweight, thin housings 
and yet they provide resolution comparable to that 
of standard cathode ray tube displays. However, 
various problems are observable with the video 
quality of EL display arrangements. 

One of these problems is that of "streaking", 
that is formation of streaks of luminosity exceeding 
that desired at picture elements (pixels) that are 
situated in the same row of the display as a pixel, 
or a plurality of pixels, of high desired luminosity. 
This phenomenon is of a particular significance 
when the EL display panel is constructed to have a 
"gray-scale" or shading capability and the driving 
circuitry that drives the panel or screen is con- 
structed to apply any selected one of a progression 
of different voltage differentials to any particular 
one of the various pixels of the display screen. This 
is so because such streaking results in a dimin- 
ished quality of the video image appearing on the 
respective electroluminescent display and thus im- 
pairs the legibility or perceptibility of the informa- 
tion that is to be conveyed by the displayed image, 
under certain operating conditions. Thus, for in- 
stance, in gray-scale EL displays, such as those 
having a 16 shade capability, streaking results be- 
cause of partial cross-coupling of the pixel voltage 
ditirerentials that are applied to certain pixels ar- 
ranged in a given row to give them the desired 
intensities or luminescences to other- pixels ar- 
ranged. ir< the same row. As will be discussed in 
more detail later, this coupling results from the 
combined effect of the column drive impedance 
which typically has a finite or significant value, and 
the row drive impedance which typically has a very 
low. almost non-existent, value in EL display ar- 
rangements of this type. To the EL display ob- 
server, the effect of this phenomenon is the ap- 
pearance of a horizontal streak of brightness across 
the display screen in both directions commencing 
3\ (he point where a bright video image occurs. 

On the oth??r hand, a completely different prob- 



lem encountered in electroluminescent display 
technology, the so-called "inverse shadowing", has 
been identified in and addressed by a solution 
disclosed in U. S. Patent No. 4.642.524 issued to 
5 Eaton et al. As 6.xplained in that patent, such in- 
verse shadowing occurs in EL display arrange- 
ments when certain /ideo patterns cause some 
display pixels that are "ON", to be of higher lu- 
minescence than other pixels in the same display 
10 that are also "ON". In this patent, the variation in 
pixel luminescence is attributed to variations in the 
rate of change of pixel voltage with respect to time 
(dv/dt). It is disclosed in this patent not only that 
the slope dv/dt decreases once a threshold voltage 
75 Vth needed to light any "ON" pixels is reached as 
compared to that encountered below the threshold 
voltage Vth, but also that the amount of such 
decrease is the greatest with all the pixels in a row 
"ON", while the slope dv/dt is larger than that witp 
20 some pixels in a row "OFF" and the largest with all 
pixels in a row "OFF". This behavior is attributed in 
the above patent to progressive reduction in the 
capacitrve loading in the particular row with de- 
creasing number of the "ON" pixels. Inasmuch as 
25 the luminescence of the "ON" pixels of an EL 
display increases as the slope dv/dt of pixel volt- 
age increases (at and above Vth), it is proposed in 
the aforementioned patent to establish a constant 
rate of change of voltage with respect to time at all 
30 "ON" pixels. The above patent discloses a circuit 
for maintaining a constant slope dv/dt at each pixel 
regardless of variations in load conditions, by ap- 
plying a variable voltage or current source to the 
"ON" pixels in each row. The magnitude of the 
35 output of the voltage or current source is made 
directly dependent on the number of pixels in the 
respective row that are "ON" or, In other words, 
the voltage differentials applied across the various 
"ON" pixels of the particular row are increased with 
40 increasing number of the "ON" pixels in that row. 

While the approach taken in the above patent 
may have certain validity and advantages in the EL 
display arrangement disclosed therein in that it 
presented a solution to the inverse shadowing 
45 problem by taking care of "ON" pixel brightness 
variation in non-gray- scale EL panels (while keep- 
ing the voltage differential applied to the "OFF" 
pixels below the threshold level), it would only 
exacerbate, rather than counteract, the streaking 
50 effect in gray-scale EL panels, inasmuch as it 
would further increase the already existing devi- 
ation of the "OFF" or "DIM" pixel brightness from 
the desired value thereof. While streaking has an 
effect on the displayed image that may appear to 
55 be similar to a certain degree to that of non-gray 
scale inverse shadowing in that they both reduce 
the legibility of alphanumerics and the contrast 
ratio and resolution of pictorial images, it has been 
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established that, in terms of visual acuity, any step 
change In the brightness of an "OFF" or "DIM" 
pixel is much more Intolerable than an equal step 
change in brightness of an already bright pixel. 

Accordingly, it is a general object of the 5 
present invention to avoid the disadvantages of the 
prior art. 

More particularly, it is an object of the present 
Invention to provide an electroluminescent display 
arrangement which does not possess the disadvan- io 
tages of the known arrangements of this kind. 

Still another object of the present invention is 
so to develop the electroluminescent display ar- 
rangement of the type here under consideration as 
to Improve the video quality of the images dis- 75 
played on its electroluminescent display panel. 

It is yet another object of ths present invention 
to devise an arrangement of the above type, espe- 
cially that having gray-scale capability, in which the 
visual effects of Interpixel capacitive coupling are 20 
virtually eliminated. 

A concomitant object of the present invention 
is to design the electroluminescent anrangement of 
the above type in such a manner as to be relatively 
simple ?n construction, inexpensive to manufacture, 25 
easy to ure. and yet reliable in operation. 

Summary of the Invention 

In keeping witiv these objects and others which 30 
will become apparent hereafter, one feature of the 
present invention resides in a method of controlling 
the luminosity of electroleminescent display pixels 
each of which is arranged at an intersection region 
between an individually addressable associated 35 
row electrode of a row electrode array and an 
individually addressable associated column elec- 
trode of a column electrode array, wherein the 
luminosity of any of the pixels of any row ad- 
dressed at any given time is determif)ed by a 40 
voltage differential established on the basis of de- 
sired pixel luminosity data for such pixel, which is 
contained in an incoming data stream segment 
pertaining to the pixels of such row, between a row 
voltage applied to the associated row electrode and 45 
a column voltage applied to the associated column 
electrode. The method of the present invention 
includes extracting total row luminosity information 
indicative of the total desired luminosity for all of 
the pixels of a respective pixel row to be ad- so 
dressed from the incoming data stream segment 
pertaining to such row, and generating a correction 
signal representative of such total row luminosity 
informaition. According to the invention, corrected 
voltage differentials to be applied to all of the pixels 55 
of the respective row are established, and all of the 
pixels of the respective row are subjected to the 
thus corrected voltage differentials that have been 



established for such row. The establishment of the 
corrected voltage differentials Involves modifying at 
least one of the row voltage, and all of the column 
voltages for the p'xels of the respective row, to the 
extent needed to compensate for interelectrode 
coupling, in proportion to the value of the correc- 
tion signal and in a sense of reducing the voltage 
differentials established between the row and col- 
umn electrodes associated with the pixels of that 
row relative to those con-esponding to the pixel 
luminosity data contained in the incoming data 
stream segment pertaining to such row. 

Thus, it may be seen that the present invention 
provides an adjustment to the effective pixel volt- 
age of an electroluminescent display on a row by 
row basis in proportion to the average video inten- 
sity of each row of an electroluminescent display. 
Such adjustment of the effective pixel voltage on a 
row by row basis by adjusting either the row drive 
voltage or the column drive voltages, increases the 
contrast ratio of gray shades, thus improving the 
video quality of electroluminescent displays and 
the perceptibility of the Images displayed on elec- 
troluminescent display panels. Brief Description of 
the Drawings 

These and other objects features and advan- 
tages of the present invention will become more 
apparent in light of the detailed description of ex- 
emplary embodiments thereof as illustrated in the 
accompanying drawings, in which: 

Figure 1 is a diagrammatic representation de- 
picting an electrical model of a typical elec- 
troluminescent display panel and associated 
driver circuitry constructed in accordance with 
prior art for driving the display panel; 
Figure 2 is a graphic representation of typical 
row and column drive waveforms that may be 
used in accordance with the prior art to drive the 
display panel of Figure 1 ; 
Figure 3 is a view similar to that of Figure 1 but 
wherein the driver circuitry for driving the elec- 
troluminescent display panel is constructed In 
accordance with the present invention to use 
digitally encoded pixel intensity Information of 
the type depicted in Figure 2 for row by row 
brightness compensation tn the manner pro- 
posed by the present invention; 
Figure 4 is a view similar to that of Figure 3 but 
wherein the driver circuitry for driving the elec- 
troluminescent display panel is constructed to 
use analog signal pixel intensity Information for 
the row by row brightness compensation ac- 
cording to the invention; and 
Rgure 5 is another view similar to that of Figure 
3 but showing an electroluminescent display 
panel driver circuitry constructed to use analog 
signal pixel intensity information to achieve row 
by row brightness compensation according to 
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the invention by digitally combining compensa- 
tion Information to column drive data. 

Best Mode for Carrying Out the Invention 

5 

Referring now in more dciail to the drawing, in 
which the same reference numerals and charac- 
ters, possibly supplenoented with* subscripts and/or 
primes as appropridte, have been used throughout 
to denote corre^sponding parts, and first to Figure 1 io 
of the drav^ng, it may be seen therein that the 
referenrtj numeral 5 has been used therein to 
identity an electroluminescent (EL) panel, of which 
risrely an electrical model Is presented throughout 
the drawings to form a basis for the following 75 
explanation of the aforementioned streaking phe- 
nomenon and the manner in which the present 
invention deals with this phenomenon. 

The electroluminescent panel 5, as known in 
the art, includes horizontal electrodes IO1 to 10^ 20 
and vertical electrodes II1 to tin- Herein, as well 
as below, m and n represent integral numbers 
which may but need not be the same and are 
selected in accordance with the size, desired im- 
age resolution and other criteria pertaining to the 25 
panel 5 of the type in question, as Is well known in 
this field. The horizontal electrodes IO1 to 10m 
usually exhibit relatively low electric resistance, 
whereas the electric resistance of the vertical elec- 
trodes 1I1 to 11n is usually higher, sometimes 30 
much higher, than that of the horizontal electrodes 
IO1 to lOm.with the interelectrode capacitance be- 
ing substantially evenly distributed along the 
lengtlfs of each of the respective electrodes IO1 to 
10m and II1 to 11n. Each of the vertical or column 35 
electrodes II1 to 11n has a relatively high resis- 
tance since they are generally made of a thin-film 
transparent material. For this reason, each of a 
plurality of column drivers 12i to 12n of a column 
driver device 12, which individually supply electric 40 
power to the respective column electrodes 11 1 to 
11n. ''sees" a load equivalent to that of a delay line. 
On tho other hand, since each of the horizontal or 
row electrodes IO1 to 10^, as mentioned before, 
has a relatively low resistance, a row driver 13 45 
"sees", for all practical purposes, a purely capaci- 
five load when any one of a set of row switches 
14i to 14^ is closed to supply electric power from 
the row driver 13 to the respectively associated 
one of the row electrodes IO1 to lOm- In the afore- so 
mentioned electrical model of the EL display panel 
5, the interelectrode capacitances are depicted as 
capacitors Cu to C.nn situated between the row 
electrodes IO1 to lO^ and the column electrodes 
111 to 1 1n at the respective intersections thereof. It 55 
will be appreciated that in the physical embodiment 
of the electroluminescent panel 5 the row elec- 
trodes IO1 to 10m end the column electrodes II1 



to 11„ do not actually intersect but rather bypass 
each other by being located In different planes at 
such intersections. Nevertheless, the regions at 
which the respectivb row electrodes IO1 to 10^ 
bypass the respective column electrodes II1 to 
11n. which also constitute the locations of the re^ 
spective pixels, will be referred to herein as the 
intersection regions. 

Both the row driver 13, on the one hand, and 
the column drivers 12i to 12n, on the other hand, 
are operated in two different modes, namely a write 
mode and a refresh mode, of which exemplary 
electrical waveform representations are presented 
in Figure 2 of the drawing. In the write mode, each 
of the row electrodes IO1 to 10m is pulsed seq:jen- 
tially down to -160 volts (typically) by closing that 
of the row switches 14i to 14m (such as the switch 
142 as seen in Figure 1) that is associated with the 
respective row that is then being addressed, while 
the voltages supplied by the column drivers 12i to 
12n individually determine the pixel intensities 
along the row being addressed at that time by 
creating respective voltage differentials with re- 
spect to the voltage supplied to that of the row 
electrodes Id to 10m that is then being addressed. 
Those of the row electrodes IO1 to 10m that are not 
being addressed at any particular time are left 
floating to reduce the capacitive load as seen by 
the column drivers 12i to I2n. 

In the refresh mode, all of the row switches I4i 
to 14m are closed and all of the row electrodes IO1 
to 10m are simultaneously pulsed up (typically to 
+ 220 volts) while the column electrodes 1 1 1 to 1 1n 
are all maintained at zero volts. 

During the operation of the display panel 5, 
there is encountered cross coupling of pixel inten- 
sities to other pixels along the same row. This 
cross coupling is attributable to the significant or 
finite impedances of both the column driver outputs 
and the column electrodes lit to 11„ themselves. 
The output stage of each column driver 12i to 12„ 
typically consists of a push-pull complementary 
FET stage that exhibits considerable crossover dis- 
tortion. As the respective one of the column drivers 

121 to 12„ switches between sourcing and sinking 
current, it can have significant output impedance. 
Furthermore, as mentioned before, the column 
electrodes 11 1 to 11n themselves are made of thin 
film material which has a significant finite imped- 
ance. 

To illustrate the electrical conditions encoun- 
tered when this known EL display arrangement as 
described so far is being operated in the situation 
illustrated in Rgure 1 of the drawing, that is, with 
the switch 142 that is connected to the row elec- 
trode IO2 being closed and while operating in the 
write mode, let us assume that the column driver 

122 (for instance) that is connected to the column 
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electrode II2 is pulsed to +60 volts representing 
full pixel brightness, while the renr^aining ones of 
the column electrodes 11 1 to 1 1n are maintained at 
ground potential, representing no pixel brightness 
(i.e. "OFF" pixels). Since all of the row electrodes 
IO1 to 10m except for the row electrode lOa are 
floating, because the associated ones of the row 
switches 14i to 14^ are open, the interelectrode 
capacitances C^2 to Cm2 between the column elec- 
trode 11 2 and the floating ones of the row elec- 
trodes IO1 to lOjn couple some of this column 
pulse waveform onto the aforementioned floating 
ones of the row electrodes IO1 to 10^. which then 
couple this waveform at least through the interelec- 
trode capacitances Cn, C13, C31. and C33 at least 
to the column electrodes II1 and II3. Since the 
latter are driven through a finite driver impedance, 
the bright pixel occurring at the intersection region 
of the row electrode IO2 with the column electrode 
(12 thus causes partial intensities to appear at all 
pixels along the row electrode 102 which is being 
addr&ssed. 

Before turning to the remaining Figures of the 
drawing that depict several constructions of the EL 
display arrai-igement embodying the present inven- 
tion that are v^omewhat modified relative to one 
another so as to take into account several aspects 
of this invention, ir is to be mentioned that this 
invention is based on the recognition of the fact 
that a bright image in" .a particular row couples 
uniformly to each pixel that row and that the 
amount of coupling to each pixel is proportional to 
the average video intensity along each row, as 
gleaned from an observation of cross coupled pixel 
intensities. : 

Figure 3 of the drawing shows one way in 
which this realization is used to advantage in accor- 
dance with the present invention to improve the 
quality of the image displayed by the EL display 
panel 5 that is capable of displaying varying 
shades of a color (which need not necessarily be 
gray but nevertheless is referred to throughout the 
text as gray for the sake of convenience). As 
shown in this Figure, a driver circuit of an EL 
display arrangement is supplied with digitally en- 
coded pixel intensity information and converts this 
information into row and column voltages or elec- 
trical potentials that drive the EL display panel 5 of 
the type of which the electrical model was here- 
tofore described and only a pertinent portion of 
which is shown in Figure 3. A video input signal 
carrying the information to be displayed on the 
screen or panel 5 comprises a digitally encoded, 
serial 4-bit pixel intensity data stream 20 which 
includes consecutive data segments each of which 
contains information describing the Intensities de- 
sired for the pixels of a particular row. Each of 
these data segments is loaded, at the appropriate 



time, into column data shift registers of a storage 
device 30 that is associated with the column drive 
device 12. providing a column driver signal syn- 
chronous with a pixel dock signal 21, For illustra- 
5 tion purposes, reference will be made hereinafter, 
as it was before, to. the pixel intensity data stream 
segment for the pixels served by the row electrode 
IO2: however, it will be appreciated that the opera- 
tion as described in this context is equally ap- 
10 plicable to the pixel intensity data stream segments 
associated with all remaining ones of tiie row elec- 
ti'odes IO1- to lOm. 

The pixel intensity data stream 20 is further 
and simultaneously supplied, as indicated at 22, as 
15 an integrator circuit input signal to a digital to 
analog converter 23 that converts this digital signal 
into an analog signal having the same information 
contents. This analog signal is then fed through a 
connecting line 24 into an integrator that is collec- 
20 tively identified by the reference numeral 25. The 
integrator 25 is reset to zero prior to or at the 
beginning of the row electrode data stream seg- 
ment for the row electrode 102, by momentarily 
closing at such a time a switch 26 that is con- 
25 nected in parallel with the integrator 25. After the 
switch 26 is opened again at the beginning of the 
next incoming data segment, the integrator 25 in- 
tegrates the incoming data. As a consequence, at 
the end of the segment of the data stream 20 
30 pertaining to the pixels arranged along the row 
electrode IO2. not only are all of the column data 
shift registers of the storage device 30 filled with 
pixel data pertaining to the respective pixels of the 
pixel row to be written next, but also an integrator 
35 output 27 carries a correction voltage that is pro- 
portional to the average pixel intensity for the pix- 
els served by the row electrode IO2 of the panel 5. 
If none of the pixels supplied with electric power by 
the row electrode IO2 is to be lit, the integrator 25 
40 produces a correction voltage of zero volts. If all or 
almost all of such pixels are to be lit. then the 
maximum contemplated correction voltage is pro- 
duced by the integrator 25. Between these ex- 
tremes, the correction voltage is linearly propor- 
45 tional to the number of pixels to be lit. 

Pixel intensity data stored in the column data 
shift registers of the storage device 30 Is decoded 
and converted to appropriate column driver vol- 
tages, separately for each of tiie column electrodes 
50 111 to 1 1.,, by associated data decoders of a data 
decoder de\'ice 31 , in a manner known in the art, A 
row write signal 28 strobes decoded data from the 
data decoders of the data decoder device 31 to the 
respective column drivers 12i to 12„ of the column 
55 drive device 12 and also activates a sample and 
hold circuit 29 which then presents the correction 
voltage appearing at the integrator output 27 
through a feeding line 32 to the row driver 13 and 
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holds the correction voltage at a constant level 
while the respective row is being written. As iUe 
row switch 142 connects the row driver 13 to the 
row electrode 24, the row driver 28 produces a row 
driver signal in the form of a nominal write pulse of 
-160V (the same as depicted in Figure 2), but with 
additional voltage of up to + 10 V being added 
thereto as a result of the feeding of the correction 
voltage signal through the feeding line 32 to the 
row driver 13, to cornF)ensate for the interelectrode 
coupling that h?o been described heretofore, such 
that the vo'tage supplied by the row driver 13 
through tf.e respective switch 142 to the respective 
row electrode IO2 that is then being addressed can 
hr.^e a value anywhere between -160 V and -150 
V, depending on the value of the correction voltage 
signal appearing on the line 32. Thus, it may be 
seen that the voltage or potential differentials ap- 
plied across all of the pixels arranged In the row 
served by the row electrode IO2 are reduced 
(because of the reduction in the absolute value of 
the voltage supplied to the row electrode 102) in 
direct proportion to, that Is as a direct function of, 
the average brightness originally intended for the 
pixels of that row, with the result that, between the 
effect of the (reduced) voltage differentials and that 
of the interelectrode coupling, the brightnesses of 
all of the pixels in the respective row then being 
addressed are substantially at their originally de- 
sired levels. 

As the row associated with the row electrode 
IO2 is being written, the pixel intensity data stream 
segment for the pixel row associated with the row 
electrode IO3 begins loading into the column shift 
registers of the storage device 30 and the integra- 
tor 25 is reset to begin processing the pixel inten- 
sity data for the pixel row addressed by the row 
electrode IO3. so that the value of the correction 
voltage appearing at the output of the integrator 25 
just prior to the closing of the switch 143 asso- 
ciated with the row electrode IO3 (and of the switch 
of the sample and hold circuit 29) corresponds to 
or is representative of the average pixel intensity 
for the row This means that, by the time the 
switch of the sample and hold circuit 29 Is tem- 
porarily closed (as shown, by the row write signal 
28, i.e. simultaneoasly with the closing of the 
switch 143), the value of the correction signal sup- 
plied to the row driver 13 through the line 32 is that 
appropriate for correcting the voltage supplied 
through the switch 143 to the row 103. 

Referring now to Rgiire 4. it may be seen that 
it depicts the situation where the incoming video 
input signal containing pixel intensity information is 
available as an ?.nalog signal, rather than the 
digitally encoded bit stream of Figure 3. Under 
these circuiTiStances, there is no need for the digi- 
tal to anaiog converter 23 arranged upstream of the 



integrator 25 In the arrangement of Figure 3. and 
hence this converter 23 Is omitted In the arrange- 
ment of Figure 4. Thus, in the latter arrangement, 
an analog video input signal appearing on an Input 

5 line 20' constitutes an integrator circuit input signal 
which is fed through a connecting line 22* directly 
to the input of the integrator 25, However, an input 
of an analog to digital converter 23' is connected to 
the line 20', and the converter 23' converts the 

70 incoming analog video input signal into a digital 
column driver signal 22" that is then loaded Into 
the column data shift registers of the storage de- 
vice 30 synchronously with the pixel clock signal 
21. Except for the substitution of the A/D convener 

75 23' for the D/A converter 23, the circuits of Figures 
3 and 4 are Identical and they function in the same 
manner as discussed heretofore relative to Figure 
3. The integrator 25 again produces the correction 
voltage appearing at its output line 27, this correc- 

20 tion voltage being proportional to the average pixel 
intensity for the pixels served by the then selected 
row electrode IO2 and being fed to the row driver 
13 by the sample and hold circuit 29 and the line 
32 and vectorially added to the row driver signal 

25 (i.e. subtracted therefrom in the absolute value 
terms) to compensate for interelectrode capacitlve 
coupling. 

Alternate approaches to implementing row by 
row brightness compensation are also contemplat- 
30 ed and fall under the purview of the present inven- 
tion. Orie of such approaches Is depicted In Figure 
5 of the drawing and provides row by row bright- 
ness compensation to the electroluminescent panel 
5 by digitally subtracting digitally encoded com- 
35 pensation information from the original digitally en- 
coded pixel intensity information. In this arrange- 
ment, like in that of Figure 4, the analog video input 
signal is again fed through the line 20' into the A/D 
converter 23'. and once more directly into the 
40 integrator 25. Synchronously with the pixel clock 
signal 21 ^ the converted digital column driver signal 
appearing at an output 20" of the converter 23' is 
delayed by a digital delay line or a similar delay 
device 33 for a period of time corresponding to that 
45 of writing one row, resulting in a delayed converted 
column driver signal at an output 20'" of the delay 
device 33, to maintain proper synchronization con- . 
sidering the fact that the correction voltage signal 
appearing on the line 27 for a particular row Is not 
50 available until the end of the data stream segment 
relating to that row. When the row write signal 28 
strobes the decoded data to the column drivers 12i 
to 12„ of the column driver device 12, it also 
activates the sample and hold circuit 29 to feed the 
55 correction voltage appearing at the connection line 
27. However, in this case, the correction voltage is 
supplied to a second analog to digital converter 
23". instead of being supplied to the row driver 13 
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as it was in the arrangements of Figures 3 and 4. 
The row write signal 28 enables the second analog 
to digital converter 23" at this time so that, while 
decoded data is being strobed by the row write 
signal 28 to the column drivers 12i to 12n, the next 
succeeding pixel intensity data stream Is being 
processed in the converter 23' due to the afore- 
mentioned delay. A digital correction signal issued 
by the second converter 23" and appearing at an 
output 32' thereof is then subtracted by a digital 
adder 34 from the delayed, digitally converted col- 
umn driver signal that is supplied to an input of the 
adder 34 by the output 20'" of the delay device 33. 
The corrected digital signal resulting from such 
subtraction of the digital correction signal from the 
delayed converted digital column driver signal is 
♦hen fed through a connecting line or bus into the 
column data shift registers of the storage device 30 
synchronously with the pixel clock 21 at the occur- 
rence of the next row write signal 28. In this ar- 
rangement, brightness compensation for interelec- 
trode capacitive coupling is effected by modifying 
the column driver voltages, again in such a sense 
as to reduce the voltage or potential differentials 
effective at all of the pixels of the respective row. In 
this case, however, this voltage differential reduc- 
tion is achieved not by reducing the absolute value 
of the voltage supplied to the respective row elec- 
trode, such as IO2. as it was in the previously 
discussed constructions, but rather by individually 
reducing by the appropriate ainount the absolute 
values of the voltages supplied to the column elec- 
trodes 111 to 11n. 

While embodiments of arrangements for modi- 
fying the row or column drive voltages to provide 
for brightness compensation are disclosed therein 
using D/A and A/D converters, an integrator and a 
sample and hold circuitry, alternate approaches 
using different functional elements are conceivable 
and contemplated by the present invention. So, for 
instance, both the row drive voltages and the col- 
umn drive voltages could be modified by appro- 
priate amounts such that the end effect would be 
the desired reduction of the voltage differentials 
effective at all the pixels of the respective row then 
being addressed. The functions performed might 
be implemented in silicon and embodied in row 
driver and/or column driver integrated circuits. Fur- 
thermore, the Integration and delay functions could 
be embodied in software and executed using a 
microprocessor and related circuitry. 

Although the invention has been shown and 
described with respect to illustrative- embodiments 
thereof, it should be understood by those skilled in 
the art that the foregoing and various other 
changes, omissions and additions in the form and 
detail thereof may be made therein without depart- 
ing from the spirit and scope of the invention. 



Claims 

1. A method of controlling the luminosity of elec- 
troluminescent display pixels each arranged at 

5 an intersection region between an individually 

addressable associated row electrode of a row 
electrode array and an Individually addressable 
associated column electrode of a column elec- 
trode array, the luminosity of any of the pixels 

10 of any row addressed at any given time being 
determined by a voltage differential estab- 
lished on the basis of desired pixel, luminosity 
data for such pixel, which is contained in an 
incoming data stream segment pertaining to 

75 the pixels of such row. between a row voltage 

applied to the associated row electrode and a 
column voltage applied to the associated col- 
umn electrode, comprising the steps of 

extracting total, row luminosity information 

20 indicative of the total desired luminosity for all 

of the pixels of a respective pixel row to be 
addressed from the incoming data stream seg- 
ment pertaining to such row. and generating a 
correction signal representative of such total 

25 row luminosity information: 

establishing corrected voltage differentials 
to be applied to all of the pixels of the respec- 
tive row, including modifying at least one of 
the row voltage, and all of the column voltages 

30 for the pixels of the respective row, to the 

extent needed to compensate for interelec- 
trode coupling, in proportion to the value of the 
correction signal and in a sense of reducing 
the voltage differentials established between 

35 the row and column electrodes associated with 

the pixels of that row relative to those cor- 
responding to the pixel luminosity data con- 
tained In the incoming data stream segment 
pertaining to such row; and 

40 subjecting all of the pixels of the respec- 

tive row to the thus corrected voltage differen- 
tials that have been established for such row. 

2. The method as defined in claim 1, wherein 
45 said, establishing step includes providing an 

ir)itial row voltage for all of the rows, and 
individually reducing the absolute value of the 
initial row voltage for each of the rows cor- 
respondingly to the correction signal applicable 
50 to that row to form a modified row voltage for 

application to the respective row electrode dur- 
ing said subjecting step. 

3. The method as defined in claim 1 or 2 for use 
55 in a situation where the incoming data stream 

segment consists of digital data, wherein said 
extracting step includes converting the digital 
data of the segment into corresponding analog 
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data, and integrating such analog data to 
present the correction signal as a correction 
voltage. 

4. The method as defined in claim 1 or 2 Tor use 
in a situation where the incoming data stream 
segment consists of analog dat?.. wherein said 
extracting step includes integrating such ana- 
log data to present the correction signal as a 
correction voltage. 

5. The method ay defined in claim 4, wherein 
said estabMshing step further includes convert- 
ing the analog data of the segment into cor- 
responding digital data for use In establishing 
^Ne individual column voltages to be applied to 
the respective column electrodes during said 
subjecting step. 

6. The method as defined in claims 1 ,2,3.4, or 5 
wherein said establishing step includes provid- 
ing the same row voltage for all of the rows, 
and a plurality of individual initial column vol- 
tages each in association with the respective 
row for a different one of the columns, and 
reducing the absolute value of each of the 
initial column voltages in correspondence with 
the correction signal applicable to that row to 
form .a modified column voltage for application 
to the respective column electrode during said 
subjecting step. 

.7. The method as defined in claim 6 for use in a 
situation where the incoming data stream seg- 
ment consists of analog data, wherein said 
extracting step includes integrating such ana- 
log data to present a correction voltage, con- 
verting such correction voltage into a corre- 
sponding digital correction signal constituting 
the correction signal, converting the analog 
data of the segment into con-esponding initial 
digital sigr>a|s each Individually applicable to a 
different one of the columns, digitally subtrac- 
ting the digital correction signal from each of 
the initial digital signals to form a modified 
digital signal for &ach of the columns, and 
using the thus modified digital signals for for- 
ming the modified column voltages. 

8. An arrangement for controlling the luminosity 
of electroluminescent display pixels each ar- 
ranged at an intersection region between an 
individually addressable asf'ociated row elec- 
trode of a row electrode array and an individ- 
ually addressable associated column electrode 
of a column electrode array, the luminosity of 
any of the pixels of any •'ow addressed at any 
given time being determined by a voltage dif- 



ferential established on the basis of desired 
pixel luminosity data tor such pixel, which is 
contained in an incoming data stream segment 
pertaining to the pixels of such row. between a 

5 row voltage applied to the associated row elec- 

trode and a column voltage applied to the 
associated column electrode, comprising 

means for extracting total row luminosity 
information Indicative of the total desired lu- 

10 minosity for all of the pixels of a respective 

pixel row to be addressed from the incoming 
data stream segment pertaining to such row, 
and for generating a correction signal repre- 
sentative of such total row luminosity informa- 

15 tion; 

means for establishing corrected voltage 
differentials to be applied to all of the pixels of 
the respective row, including means for modi- 
fying at least one of the row voltage, and all of 

20 the column voltages for the pixels of the re- 

spective row, to the extent needed to com- 
pensate .for interelectrode coupling, in propor- 
tion to the value of said correction signal and 
in a sense of reducing the voltage differentials 

25 established between the row and column elec- 
trodes associated with the pixels of that row 
relative to those corresponding to the pixel 
luminosity data contained in the incoming data 
stream segment pertaining to such row; and 

30 means for subjecting all of the pixels of 

the respective row to the thus corrected volt- 
age differentials that have been established for 
such row. 

35 9. The arrangement as defined in claim 8. 

wherein said establishing means includes 
means for providing an initial row voltage for 
all of the rows, and means for individually 
reducing the absolute value of the initial row 

40 voltage for each of the rows correspondingly to 

the correction signal applicable to that row to 
form a modified row voltage for application by 
said subjecting means to the respective row 
electrode. 

45 

10. The arrangement as defined in claim 9 for use 
in a situation where the incoming data stream 
segment consists of digital data, wherein said 
extracting means includes means for convert- 
so ing the digital data of the segment into cor- 
responding analog data, and means for in- 
tegrating such analog data to present the cor- 
rection signal as a correction voltage. 

55 11. The arrangement as defined in claim 9 for use 
in a situation where the incoming data stream 
segment consists of analog data, wherein said 
extracting means includes means for integrat- 



BNSDT JID: <EP 



0479246A2_L> 



15 EP 0 479 246 A2 16 



ing such analog data to present the correction 
signal as a correction voltage. 

12. The arrangement as defined In claim 11, 
wherein said establishing means further in- 5 
eludes means for converting the analog data of 

the segment Into corresponding digital data for 
use in establishing the individual column vol- 
tages to be applied by said subjecting means 
to the respective column electrodes. 10 

13. The arrangement as defined in claim 8, 
wherein said establishing means includes 
means for providing the same row voltage for 

all of the rows, and a plurality of individual 75 
initial column voltages each in association with 
the respective row for a different one of the 
columns, and means for reducing the absolute 
value of each of the initial column voltages in 
correspondence with the correction signal ap- 20 
plicable to that row to form a modified column 
voltage for application by said subjecting 
means to the respective column electrode. 

14. The arrangement as defined In claim 6 for use 25 
in a situation where the incoming data stream 
segment consists of analog data, wherein said 
extracting means Includes means for integrat- 
ing such analog data to present a correction 
voltage, means for converting buch correction 30 
voltage into a corresponding digi:al correction 
signal constituting the correction signal, means 

for converting the analog data of the segment 
into corresponding initial digital signals .each 
individually applicable to a different one 01 the 35 
columns, and means for digitally subtractlr;^ 
the digital correction signal from each of the 
Initial digital signals to form a modified digital 
signal for each of the columns for use of the 
thus modified digital signals in forming the 4o 
modified column voltages. 



45 
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0 electroluminescent display brightness compensation. 



@ The luminosity of electroluminescent display pix- 
els arranged at intersection regions between row and 
column electrodes is controlled so as to compensate 
for the effect of intereiectrode coupling by reducing 
the voltage differentials applied between the row 
electrode being addressed and the column elec- 



trodes relative to those corresponding to initial pixel 
luminosity data contained in an incoming data 
stream, as a direct function of total row luminosity 
information extracted from that segment of the in- 
coming data stream which pertains to the respective 
row. 
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